This study dealt with preparation of the activated carbon derived from active sludge as an adsorbent for the adsorption of crystal violet (CV) from aqueous solution. The waste active sludge was activated chemically with KOH and carbonized to get activated carbon with a large surface area and a high 
INTRODUCTION
High amounts of waste active sludge are produced by wastewater treatment plants. The disposal of sludge becomes a problem because of the significant amount and hazardous content. Nowadays, it has great potential for the production of activated carbon. Activated carbon is obtained from waste active sludge in order to remove different impurities, such as dyes (Goswami & Phukan ) , metals (Hadi et al. ) , pesticides (Vukcěvić et al. ) , and drugs (Acosta et al. ) . In this way, the amount of waste in an excessive amount can be reduced and waste management can be provided, and a new and useful material can be obtained by evaluating the waste. Recently, waste active sludge has been produced as a result of wastewater treatment activities and has emerged as an interesting option for the production of activated carbon. Activated carbon is characterized by a very large surface area and porosity obtained by treating carbonaceous materials with physical or chemical processes. The carbonization of carbonaceous materials oxidized by an acid, base, or salt are carried out by pyrolyzing process at 400-900 C. After all treatments, the product has active sites, a porous structure, and a large surface area so it is widely used as an adsorbent for the removal of organic chemicals and metal ions from wastewater (Al-Qodah & Shawabkah ).
Effluents from industrial plants which use dyes cause various environmental problems. In addition, carcinogenic
and mutagenic dyes such as crystal violet (CV) present great danger for human health (Shoukat et al. ) . For this reason, CV dye, even at the level of 1 ppb, it is not desirable in the environment and should be removed (Fabryanty cationic triphenylmethane dye group and is positively charged (Wu et al. ) . CV dye removal has been rarely studied by activated carbon produced by carbonization and activation of waste active sludge. Also, high CV dye removal rate has been obtained by using carbonization of chemically activated waste active sludge in this study.
In this study, waste active sludge which is used in a membrane bioreactor system in our laboratory to remove textile dyes from simultaneous textile wastewater was activated chemically. The chemical activation process was carried out with potassium hydroxide (KOH). After the chemical activation, the material was carbonized. The resulting material was used to adsorb CV from textile wastewater. Important parameters for adsorption, such as the pH, the activated carbon dosage, the initial CV concentration, and the temperature were investigated.
MATERIALS AND METHODS

Materials
In this study, the active sludge containing Trametes versicolor fungus culture was taken from a membrane bioreactor system. The active sludge had been used to treat textile industry wastewater to remove textile dyes in the membrane bioreactor system. CV dye was used as an adsorbate. It was obtained from Fluka. KOH was used as a chemical reagent and purchased from Carlo Erba.
Methods
Activation
Waste active sludge used in this study was collected from the membrane bioreactor system in our laboratory. The active sludge (containing Trametes versicolor) was used for the decolorization of simulated textile wastewater in the membrane bioreactor system. Waste active sludge was dried in ambient conditions at room temperature and then sieved to obtain a 0.60 mm particle size and kept in a plastic bag until further use. In order to increase the surface area for obtaining more efficiency in chemical activation, it was treated with KOH as a chemical agent. In a fume hood, the sludge and KOH were mixed by stirring with a magnetic stirrer in a beaker at room temperature. The impregnation ratio was chosen as 1:1 (waste active sludge:KOH, wt/wt). The mixture was stirred until brown and water-free material was obtained.
Chemically activated sludge was pyrolyzed in a tubular oven under nitrogen atmosphere up to 500 C for 1 h and then cooled down to room temperature. The obtained material was washed with HCl and distilled water. Then, it was dried in an oven at 110 C for 24 h. The product was stored in a glass vial for use in adsorption experiments.
Batch adsorption experiments
The activated carbon derived from active sludge was used as an adsorbent for adsorption of CV from aqueous solutions in batch mode. The adsorption systems were studied as a 
THEORETICAL
The percentage of CV dye removal onto activated carbon from aqueous solution and the amount of dye adsorbed per weight of adsorbent, q t (mg/g) can be calculated by using the following equations:
where 
Effect of pH
The pH value of dye solution has an important influence on the surface structure and the charge of the adsorbent along with its degree of ionization in solution. The 
Effect of adsorbent dosage
The dosage of the activated carbon was varied from 1 g/L to 6 g/L. As shown in Figure 4 , the adsorption capacity of CV dye decreased from 44.97 mg/g to 9.69 mg/g and the removal rate increased from 74.9% to 96.8% because of the increase in the amount of available adsorption sites when the dosage of the activated carbon increased from 1 g/L to 6 g/L.
The maximum adsorbed amount at equilibrium (q e ) was The effect of initial CV concentration on adsorptional capacity at optimal pH was determined by using CV solutions with a concentration in the range of 20-100 mg/L.
As shown in Figure 5 , at equilibrium, the amount of CV adsorbed onto the activated carbon increased from 4.62 to 22.31 mg/g as the initial concentration increased from 20 to 100 mg/L, which was attributed to the increase in the driving force of the concentration gradient.
Adsorption kinetics
The adsorption kinetic data were tested by mathematical models, including Lagergren pseudo first order model (Lagergren ) , pseudo second order model (Ho & McKay ) , and intraparticle diffusion model (Weber & Morris ), with linearized forms as follows.
Lagergren pseudo first order model:
Pseudo second order model:
Intraparticle diffusion model: where q e and q t are the amounts of CV adsorbed (mg/g) at equilibrium and at any time t (min); k 1 (min
, and k i (mg.g À1 .min À1/2 ) are the pseudo first order and pseudo second order and intraparticle diffusion rate constants, respectively. c is a constant (mg g À1 ) and usually associated with boundary layer contribution, where C ¼ 0 indicates that intraparticle diffusion is the only control step in the adsorption process, C < 0 indicates that the liquid film thickness hinders the intraparticle diffusion process, and C > 0 indicates that there is a rapid adsorption stage in a short period at the beginning of the adsorption process. Figure 6 shows the pseudo second order model plot at different initial concentrations. As can be seen in the figure, the t/q t versus t is linear for each initial concentration. The intraparticle diffusion model generally includes three steps, which are external mass transport, intra-particle diffusion, and adsorption of adsorbate on the interior surface site of adsorbents.
The overall rate of adsorption may be controlled by one of the steps or a combination of more steps. For the all concentrations (20-100 mg/L), the adsorption process tends to be divided into two stages. Multi-linear plots were observed and none of them passed through the origin. The first portion and second portion could be assigned to the intraparticle diffusion steps and the final equilibrium stages, respectively (Li et al. ) . All parameters of the intraparticle diffusion model are listed in Table 2 .
Adsorption isotherms
Equilibrium adsorption data were modeled by using two conventional isotherm models, namely, Freundlich and
Langmuir isotherm models, that are presented in Equations (6) and (7), respectively (Freundlich ; Langmuir ;
Freundlich & Heller ):
where C e (mg/L) is the equilibrium concentration and q e 
where R is the universal gas constant, K C is the equilibrium constant, and T is the absolute temperature ( 
CONCLUSIONS
The removal of CV from aqueous solution by using the activated carbon derived from waste active sludge has been investigated under different experimental conditions in batch mode. The effects of solution pH, adsorbent dosage, initial CV concentration, contact time, and temperature were examined. Adsorption of CV onto the activated carbon was strongly influenced by the contact time, the adsorbent dosage, the dye concentration, and the temperature, while variations in pH were found to have a minor effect on adsorption. The Freundlich isotherm was found to be the best fit model for the adsorption of CV. The adsorption kinetic data that followed the pseudo second order model were better than the pseudo first order model and intra-particle diffusion model and indicated by higher R 2 values. The thermodynamic investigation indicated that the CV adsorption derived from the activated carbon was spontaneous and endothermic in nature.
